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ABSTRACT
Investigations were conducted from 15 May 1964 to 3 January
1966 to determine the incidence, distribution, and abundance of
marine invertebrate fouling organisms in Hampton Roads, Virginia*
Dredging carried out at seven stations revealed that benthic
organisms most likely to be involved in fouling were Thuiaria
argentea, Alcyonidium verrilli, Microciona prolifera, Amathia
vidovici, and Aeverrillia armata. All of these species occur
in the Pier 12 berthing area of the Norfolk Naval Base, with
T. argentea and A. verrilli being most abundant. Detailed
studies of the organisms attaching to asbestos fiber test panels
were made at Pier 12 of the Naval Base. Attachment occurred
throughout the year, but was heaviest from May to November, and
lightest from January to March. Preliminary results indicate
that the intensity of fouling differs from station to station in
the harbor as well as from year to year at the same station. A
regular cyclic pattern of dominance occurred on the panels as a
result of the reproductive periods of the organisms. Barnacles
(Balanus improvisus) dominated in spring and autumn, while
tunicates (Molgula manhattensis, Botryllus schlosseri) and
serpulids (Hydroides hexagona) dominated in summer. Maximum
accumulated dry weight of fouling on test panels occurred in
May, August, and November.
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ECOLOGY OF MARINE INVERTEBRATE FOULING ORGANISMS
IN HAMPTON ROADS, VIRGINIA

INTRODUCTION
Firm substrates immersed in seawater become encrusted by a
variety of marine organisms.

Interest in such organisms stems

primarily from the problems they create by attaching to and
reducing the efficiency of man-made structures.

Considerable

research has been done, particularly, in the U.S.S.R. during the
last decade, toward protection against undesirable marine growth.
Although adequate short-term protection has been developed through
improvements in antifouling paints, less attention has been given
the more academic aspects of fouling organisms, and knowledge of
many phases of their biology is inadequate.
In the Chesapeake Bay investigations have been few in
number and limited to problems in shellfisheries and naval foul
ing.

Visscher (1927) studied the organisms on ship's hulls at

a number of ports, including those of Hampton Roads, Virginia.
Andrews (1953) tabulated and briefly reviewed the ecology of the
major fouling organisms known 'from Chesapeake Bay.

Maloney (1958)

studied the types, seasons of attachment, and growth rates of
major fouling organisms in the approaches to Hampton Roads.

The

present investigation was initiated in May 1964, and is being
continued.

Its purpose is to determine the types, seasonal' ‘

fluctuations, intensities, and distributions of invertebrate
fouling organisms in Hampton Roads.
2

MA.TERIA.LS AND METHODS
Test panel studies were begun 15 May 1964 to determine the
seasonal abundance of important fouling organisms near Pier 12
of the Norfolk Naval Base.

Dredging operations, directed towards

qualitative sampling of the epifauna in Hampton Roads, were begun
on 15 April 1965.
Asbestos fiber test panels were exposed regularly at Pier
12, Norfolk, and at irregular intervals due to recovery problems
at Hampton Bar, Middle Ground, Thimble Shoal, and Sewells Point
Spit.

The panels, each with a smooth and rough surface, were

mounted in sets of five on a wooden support, and submerged by a
concrete block (Fig.~1)*

Each panel measured 12.7 by 7.5cm.

At

Pier 12, panels were removed monthly, placed in polyethylene bags,
and preserved by freezing.

The panels were thawed^later and

examined under a binocular microscope for purposes of identifi
cation and enumeration.
inspected on each panel.

A total surface area of 155cm2 was
On 15 May 1965, a new method was

initiated to eliminate identification problems caused by desic
cation.

At the time of collection, panels were removed from the

crossbar and placed in a bucket of seawater.

In the laboratory,

panels were placed one at a time in a small tray.

Water was

added to cover the panel, and an acrylic plastic grid used to
facilitate enumeration.

After identification of delicate and

free living forms, the panel was washed, then oven-dried at 55C
3
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Fig. i

Apparatus for holding submerged test panels
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for several hours to simplify examination of the remaining fouling
organisms.

From 1 June to 2 August 1965, panels were replaced

twice monthly at Pier 12 since a heavy set of tunicates during
this period hindered analysis of the fauna on panels exposed for
one month.
Dry weight of fouling per 175cm2 of panel surface was
determined by oven drying the panels with their fouling assemblage
at 55C for a minimum of 24 hours, and subtracting the resulting
weight from the clean weight of the panel.

An Ohaus Model 311

triple beam balance was utilized in weight determinations.

Esti

mates of percent coverage were made at the time of examination.
Records of salinity, temperature, and dissolved oxygen were taken
periodically at Pier 12.
A 60cm wide dredge with 6.5cm teeth and 6mm mesh was pulled
along the bottom for five minutes at each station in qualitative
studies on the epifauna.

Seven stations were occupied during the

present survey (Fig. 2).

These were designated:

Station l......Pier 12, Norfolk Naval Base
Station 2.*....Newport News Middle Ground,
Station 3......Hampton Bar
Station 4......Sewells Point
Station

5 .... Sewells Point

Station

6 .... X-Ray Station

Station

7 .... Thimble Shoal

Spit

The record of dredging operations in Hampton Road^-is given in
Table 1*
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Map of Hampton Roads, Virginia, showing the stations
occupied during the study.
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TABLE 1
RECORD OF DREDGING OPERATIONS IN HAMPTON ROADS DURING 1965.
(+ indicates sampling conducted, 0 indicates no sampling
conducted)
1

2

3

4

5

6

7

15 April

+

+

+

+

0

0

0

4 May

4-

4-

0

4-

+

0

0

4 June

4*

4-

4*

-lr

+

0

0

24 June

+

+

4-

4*

+

0

0

16 July

+

4-

4-

4-

+

0

0

21 July*

+

0

0

0

0

4-

0

2 August

+

+

4-

4*

4-

0

0

23 September

+

4-

4-

4-

4*

0

0

16 October**

0

+

0

0

0

0

0

21 October

0

+

4*

0

0

0

0

22 November*

+

0

0

0

0

0

4*

26 November

0

4-

4-

4*

4*

0

16 December

0

+

4-

0

4*

0

Date

Station

¥

* Dredging done by the C. W. HOPKINS*
Dredging done by the R/V LANGLEY.

7

.

4*
4*

The dredged organisms were examined* identified, recorded,
and disposed of on station.

.Only specimens of interest or those

requiring laboratory examination for identification were retained.

HYDROGRAPHY OF HAMPTON ROADS
Hampton Roads, at the James River confluence with the
Chesapeake Bay, is an important commercial and military harbor.
It is approximately 9.2km long from Middle Ground lighthouse to
the river mouth, and 6.4km wide from Pier 12 to Hampton.

The

harbor is relatively shallow, with extensive flats along much of
the shoreline.

U. S. Coast and Geodetic Survey Chart 400 showed

that as of August 1964 Newport News Channel was 200m wide and
approximately 12.2m deep; Norfolk Harbor Reach 480m wide and
between 10.7 and 12.2m deep; and Entrance Reach 480m wide and
12.2m deep.

The channels are soon to be dredged to 13.8m.

bottom consists- of mud, sand, and shell regions.

The

The James River

estuary is .typical of a horizontal boundary estuary as classified
by Williams'(1962), with higher salinities on the right side of
the river looking upstream.
The hydrography of the James River was thoroughly surveyed
in 1964 by the Virginia Institute of Marine Science during
"Operation James River," and information is available from the
Institute.

Salinity, temperature, and dissolved oxygen were

monitored during the present study since seasonal changes in
fouling were of interest.

The area of investigation exhibits a

wide range of hydrographical conditions from season to season
(Fig. 3).

Though seasonal salinity fluctuations are considerable
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in the James River, they are less pronounced than in the tributary
estuaries of the Upper Chesapeake Bay (Pritchard, 1952).

Pritchard

attributed low salinity in spring to high river flow, while
decreased river flow in summer and autumn resulted in increased
salinity.

He also found fluctuations in salinity at a given

station depending upon the tidal stage.

In the oyster seed bed of

the river, he found, the salinity to be about 4%0 higher at high
slack water than at low slack water.
Current velocities

in Hampton Roads were not measured.

Pritchard (1952) found that the net motion of

the surface water

in the James River estuary was about 0.25 knots downriver, and
approximately 0.20 knots upriver at a depth of 8.2 meters.

During

ebb tide, he found the downriver current was relatively strong at
the surface (up to 1.1 knots), but decreased with depth.

During

flood tide, the upriver current was relatively small at the surface
(0.5 to 0.6 knot) but increased with depth, reaching a maximum of
approximately 1.0 knots near a depth of 5.2 meters.
Both 1964 and 1965 were rather exceptional years in that
precipitation and runoff were below normal, resulting in higher
salinities.

Drought conditions intensified in Virginia during

late 1965, and salinities, already above normal, did not decrease
in Hampton Roads to any

degree in autumn.

On 3 January 1966, the

salinity at Pier 12 was

23.17%0? while Stroup and Lynn (1963)

showed the average salinity for that part of Hampton Roads to be
between 20%o and 21%c in autumn, and 15%0 in winter*

The effect

on the fouling organisms in the harbor is difficult to ascertain
because of insufficient fouling data Jfrom previous years.

RESULTS
SYNOPSIS OF THE TAXA
Porifera
Most Porifera are difficult to identify in the field, and
little attempt was made to study them in detail.

However,

sponges are conspicuous and abundant epifaunal organisms in
Hampton Roads, and represent a potential threat as serious fouling
organisms.

Sponges are most abundant on firm substrates, and do

not thrive in sandy or muddy areas (Cowles, 1930).

Craniella

crania, however, attaches directly to a mud or sand bottom by
root-like fascicles (Andrews, 1953).

Andrews noted that sponges

are very important in oyster fouling because of the damage done
by boring species.

He added that encrusting species may cover

cultch and young spat.

Most species are restricted to salinities

of 15%0 or higher (Andrews, 1953), and Cowles (1930) did not find
any below 14.79%0 in his study.

Sponges encountered in this

study are listed in Table 2.
Specific identification of Cliona encountered in Hampton Roads
was not made, although boring sponges are common in shelly regions.
Most specimens were observed on old shells, usually of Crassostrea
virginica.

The only large specimens observed were collected at

Station 7 by the C. W. HOPKINS on 22 November 1965.

12

TABLE 2
SPECIES OF PORIFERA COLLECTED IN HAMPTON ROADS.
Species

Station

Cliona sp.

2-5, 7

Halichondria bowerbaLki

1-5

Microciona prolifera

1-7

Collection Method
dredge
test panel, dredge
dredge

1-3, 5

Lissodendoryx isodictyalis

dredge

library
of the

,T ,

vmcm ^A in s t it u t e
MARINE SCIENCE^
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Besides Lissodendoryx isodictyalis,.which was identified by
its extremely unpleasant odor, numerous other tTyellow sponges” were
dredged.

These sponges were probably Halichondria bowerbanki.

Small sponges were observed on test panels from mid-June to early
November, 1965.
Microciona prolfffera is the most abundant sponge in Hampton
Roads.

It is perhaps most prevalent just outside the harbor

entrance, but it is also plentiful at Station 3.

Andrews (1953)

noted that spots of M. prolifera are common on oysters in summer.
This species Was never observed on test panels.

McDougall (1943)

also found relatively few specimens of it on his panels, although
the sponge was abundant on pilings at Beaufort.

Wells, Wells, and

Gray (1964) found that clean surfaces exposed for a short period
of time may result in a distorted view of sponge setting on natural
surfaces.

M. prolifera was found to be 66% more numerous on

fouled than on fresh shells.

Wells et al. noted that this

probably explains McDougallTs (1943) unexpectedly light set at
Beaufort.

The same may explain the absence of M. prolifera during

the present study.

This pattern of setting is not true for all

sponges, since Wells et al. found that Haliclona loosanoffi, Mycale
cecilia, and Lissodendoryx isodictyalis set more heavily on clean
shells than on older shells.
Cnidaria
Hydroids are of major importance in marine fouling because
of their tendency toward rapid growth, proliferation, and
formation of.dense colonies.

Sixteen species of hydroids were

collected in Hampton Roads during this study (Table 3).

TABLE 3
SPECIES OF HYDROZOA COLLECTED IN HAMPTON ROADS.
Species

Station

Collection Method

1

test panel

Bougainvillia rugosa

1,2

test panel, dredge

Calyptospadix cerulea

1

test panel

Eudendrium album

2

dredge

Hydractinia echinata

1

test panel

Pennaria tiarella

1

test panel

1-4

test panel, dredge

Campanularia gelatinosa

5

dredge

Clytia sp. (coronata?)

1

test panel

Gonothyraea loveni

1,5

test panel, dredge

Obelia bicuspidata

1,3

test panel, dredge

Obelia commissuralis

1,5

test panel, dredge

Opercularella pumila

5

dredge

Sertularia cornicina

3

dredge

Thuiaria argentea

1-7

test panel, dredge

Schizotricha tenella

1-5

test panel, dredge

Clava leptostyla

Tubularia crocea

15

«
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Bougainvillia rugosa was abundant at Pier 12, but was not
collected alive at any other station.

Colonies were taken from

the rope supporting
test panels at Pier 12 from early May through
v
October, and appeared periodically on the test panels.

,Clarke

(1882), who described this species from Hampton Roads and lower
Chesapeake Bay, reported gonosomes in August and September.

In

this survey, numerous gonosomes were present on 2 August 1965,
but were absent by early September.

ClarkeTs specimens were

found in large colonies on Alcyonidium.

Although a considerable

amount of Alcyonidium was observed in this study, none supported
Bougainvillia colonies.
Tubularia crocea was first collected in Hampton Roads at
Station 4 on 23 September 1965.

Examination of the pilings of

the Chesapeake Bay Bridge-Tunnel on the same day revealed an
abundance of this hydroid at the low water mark.

Colonies were

attached directly to the pilings and to Mytilus edulis adhering
to the.pilings.

Subsequently the hydroid was found at Station 2

during October and at Stations 1 and 3 in November.

Gonosomes

were observed from September until November on different popula
tions.

By January 1966, no hydranths were present on the stems.

The only other record of this species for the Hampton Roads area
is that of Ferguson and Jones (1949), who reported it from the
Norfolk Peninsula.

They did not remark on its abundance or

seasonal occurrence.
McDougall (1943) noted an apparent correlation between water
temperature and growth of T. crocea.

He found' rapid growth in

spring until the water temperature reached 21C, when growth nearly

ceased.

Hydranths were lost and colonies dropped from the piles.

Growth resumed in October.

A decline observed by McDougall

in January was attributed to predators.

Although McDougall

believed T. crocea may be able to acclimate to temperatures
approaching 30C, it seems probable that summer temperatures in'
Hampton Roads would be a limiting factor, and may explain its
absence there until September.
Obelia bicuspidata is a small but abundant hydroid in the
summer.

It occurred on test panels from the middle of June until

October, being most abundant in July and August.
to shells and pilings in the harbor.

It also attaches

Gonosomes were not observed.

Thuiaria argentea is by far the most abundant, and most
important hydroid fouling organism in Hampton Roads.

It is

abundant and widely distributed in Chesapeake Bay (Cowles, 1930)
and is ’’...one of the commonest species in shallow water on both
shores of the North Atlantic, Alaska, and North Polar regions”
(Nutting, 1904).

There has been some question recently whether

the abundant Thuiaria here is actually T. argentea or T. cupressina.
Apparently Dr. X. W. Petersen of the Zoological Museum, Copenhagen,
believes that T. argentea is merely a form of T. cupressina
(personal communication, Dr. M. L. Wass).

Since I have not seen

a study which conclusively proves this point, the traditional
view of Nutting (1904) and Fraser (1944) has been accepted in this
study, and the specimens have been designated T. argentea.
Thuiaria argentea occurs throughout Hampton Roads, but was
most abundant at Station 2.

The hydranths die*during summer, but

an abundance of remaining stems could create fouling problems.

18
In early fall, new growth begins and proceeds rapidly.

Gonangia

appear by mid-autumn, and reach peak abundance in late autumn
and early winter.
winter.

The hydroid colony reaches maximum size in

New colonies develop from planula larvae during winter.

Schizotrlcha tenella is an abundant hydroid in late summer
and during autumn.

It is most abundant in shallow waters, but

was dredged occasionally on shells in 20 feet of water.

After

the gonangia disappear in early autumn, the colonies decline
rapidly.
Four species of Anthozoa were observed in Hampton Roads
(Table 4).

Only the epifaunal anemones are considered important

as fouling organisms.
Diadumene leucolena is the commonest anemone at Beaufort
(Field, 1949).

It is abundant below low water on the under

surface of rocks, on shells, pilings, and other surfaces.

At

Woods Hole, it is most common under stones on rocky beaches
(Hand, in Smith, 1964).

Hindelang (1963) found D. leucolena

on VIMS pier pilings, among or in barnacle shells, on oyster trays,
and on oysters and spider crabs.

At Pier 12, it reached maximum

numbers and size on the 2 August-3 September set.

D. leucolena

is probably the most abundant anemone in the harbor.
The generic name of Aiptasiomorpha luciae has been a taxonomic
problem according to Hand (in Smith, 1964).

Field (1949) used

Diadumene, while Hand used Haliplanella. According to Dr. C.
Cutress, formerly of the U. S. National Museum, Aiptasiomorpha
is the proper genus (personal communication, Dr. M. L. Wass).

TABLE 4
SPECIES OF ANTHOZOA COLLECTED IN HAMPTON ROADS.
Species

Station

Leptogorgia virgulata

2

Diadumene leucolena

Collection Method
dredge

1,2,5

test panel, dredge

Aiptasiomorpha luciae

1-3

test panel, dredge

Ceriantheopsis americanus

1-3

19

dredge

20

A.

luciae is believed to have originated in Japan (Hand, in

Smith, 1964).

It was observed at New Haven in 1892, and is now,

according to. Hand, one of the most common New England anemones.
Field (1949) reported that it was first recorded at Beaufort in
1936.

Hindelang (1963) found it on pier pilings and Zostera at

Gloucester Point, and on the carapace of Libinia dubia.

It was

found sporadically on test panels at Pier 12 during 1965.
Ectoprocta
Ectoprocts are probably the most serious fouling organisms
in Hampton Roads.

Encrusting types such as Electra crustulenta

and Membranipora tenuis may completely cover their substrate.
Dendritic types such as Amathia vidovici' and Aeverrillia armata
rival the hydroids in tangling structures.

Alcyonidium verrilli,

a fleshy form, is very abundant in the harbor.

On test panels at

Pier 12, ectoprocts were conspicuous from April to December.
Species identified during this study are presented in Table 5.
Alcyonidium verrilli is one of the most abundant epifaunal
organisms in the harbor.

It occurred at all stations but was

particularly abundant in the Pier 12 berthing area.

Since all

colonies dredged from this station were unattached, the colonies
apparently developed elsewhere and were swept into the pier area
by currents.

Colonies are able to flourish in the vicinity of

the pier and dredging is necessitated to clear them from the
bottom.
Osburn (1944) noted that A. verrilli is known only from
Vineyard Sound to Chesapeake Bay, but its abundance here led him

TABLE 5
SPECIES OF ECTOPROCTA COLLECTED IN HAMPTON ROADS.
Species

Station

Alcyonidium verrilli

1-7

Victorella pavida

1,5

Amathia vidovici

1-5 ‘

Collection Method
dredge
test panel, dredge
dredge

2

dredge

Aeverrillia armata

1-6

dredge

Membranipora tenuis

1-6

test panel, dredge

Electra crustulenta

1-6

test panel, dredge

Schizoporella unicornis

5,7

Amathia convoluta

21

dredge

22

to believe that it may range farther south.

He stated that it

grows largest and most profusely in Long Island Sound.
Victorella pavida, a brackish water ectoproct, is able to
i

survive in nearly fresh water (Osburn, 1944).

Osburn remarked

that it may be found-in nearly all low salinity waters, except
perhaps at the poles, since it has been reported from England,
the Netherlands, Germany, Australia, and India.

Though it was

found on test panels at Pier 12 in early summer of 1965, it was
never common.

All observed colonies were small, probably due to

the short attachment period.

Salinities in Hampton Roads may be

another factor, since Osburn found that colonies in higher
salinities have smaller and shorter zooecia.

The optimum salinity

is between 10%o - 14%c, although it occurs in waters from 3%0 27%0 (Osburn, 1944).
Amathia convoluta was observed only once during this
investigation.
1965.

The colony was dredged at Station 2 on 2 August

It has been found at several locations in lower Chesapeake

Bay (Osburn, 1944).
Aeverrillia armata occurs at all stations in the harbor and
could be, along with Amathia yidovici, a serious fouling organism.
It can withstand reduced salinities, and occurs in the Chesapeake
Bay to waters approaching 12%0 (Osburn, 1944).
Membranipora tenuis is a serious oyster competitor since it
may prevent settlement of spat by completely covering its substrate
(Osburn, 1944).

Osburn reported it from Cape Cod south, being

most common in bays and sounds.

M. tenuis wag more common on

test panels at Pier 12 than E. crustulenta.

From the entrance of

the York River to near Baltimore, however, E. crustulenta is the
most abundant bryozoan in Chesapeake Bay (Osburn, 1944).
Electra crustulenta is a serious oyster fouling organism for
the same reason as M. tenuis.

Osburn (1944) observed that larvae

are produced* throughout the summer.

Proliferation occurs rapidly

and the available space is soon covered.

He found that at a water

temperature of 70F, colonies may measure over 50mm across within
four weeks of attachment.

This species was common on test panels

at Pier 12, but was not distinguished from M. tenuis until 2 'August
1965.

Colonies of "Membranipora type” ectoprocts were observed

on panels from March to December, and living colonies probably* exist
throughout the year.
Schizoporella unicornis is evidently common outside Hampton
Roads, but was found only once in the harbor, at Station 4 on
26 November 1965.

The paucity of this species in Hampton Roads

is probably due to the lower salinity, since Osburn (1944) noted
that it does not thrive in reduced salinities.

Under present

hydrographic conditions, its threat as an important fouling
organism is negligible.
Polychaeta
Except for those forms directly involved in fouling, the
polychaetes were generally ignored.

In addition to the species

in Table 6, a number of others were observed on occasion.

Most

of these were collected only by dredging, and little can be
established on their seasonal abundance.

These species include:

Arabella iricolor, Glycera dibranchiata, Nephtys incisa, Nereis

TABLE 6
SPECIES OF POLYCHAETA COLLECTED IN HAMPTON ROADS.
Species

Station

Collection Method

Lepidonotus sublevis

1,2,4

test panel, dredge

Sabellaria vulgaris

1,2,5

test panel, dredge

1

test panel

Hydroides hexagona

1-6

test panel, dredge

Polydora' ligni

1-7

test panel, dredge

Fabricia sabella

24

25
succinea, Diopatra cuprea, and Pectinaria gouldii.

During much

of the year, nsedentary” polychaetes were the most abundant of
the fauna on test panels at Pier 12.
Lepidonotus sublevis was identified by the William F. Clapp
Laboratories, Duxbury, Mass., from the 15 July-15 August 1964
set at Pier 12.

This polynoid was found again during the summer

and fall of 1965 on Pier 12 test panels and was dredged occasionally.
According to Pettibone (1963), it is frequently dredged, particularly
on shelly bottoms, and is also common as a commensal in shells
occupied by hermit crabs, particularly Pagurus pollicaris.

L.

sublevis is common in Chesapeake Bay on sand or sandy silt from
the bay entrance to areas of 15%e or less (Wass, 1965).
Sabellaria vulgaris was prevalent on test panels during
summer and early autumn.
2 during early autumn.

It was particularly abundant at Station
On 23 September 1965 a dredgeful of the

sandy tubes constructed by this species was collected.

From this

date until December it exceeded Thuiaria argentea in abundance,
at this station.

Andrews (1953) described it as one of the two

commonest tube-building worms on oyster shells.
Fabricia sabella was collected during this study only from
test panels at Pier 12, but it was probably overlooked in dredge
samples because of its small size.

It occurred in greatest

numbers during August, although it was present on test panels
from 1 June to 1 October 1965.

F. sabella has been found else

where in Chesapeake Bay at the entrance of the York River on
Libinia dubia by Dr. Willis Hewatt in July (Wass, 1965).

This

polychaete is unique in that it frequently leaves its tube and
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and moves over the surface of the substrate.

According to

Smith (1964), it is the only sabellid to do so.
Hydroides hexagona was one of the most conspicuous members
of the fouling community on test panels in mid-summer.

Wass (1965)

reported it to be abundant on hard substrates in salinities
above ± 5 % 0.

H. hexagona sets in large numbers and grows rapidly,

covering its substrate with a twisting mass of white calcareous
tubes.

Panels exposed from 2 August to 3 September 1965 bore

tubes up to 5.0cm in length.
Nereis succinea was commonly found crawling among the
barnacles, tunicates, hydroids, and tubicolous polychaetes on
test panels.

Pettibone (1963) noted its presence in a number of

intertidal microhabitats:

on oyster beds, among barnacles,

mussels, and sponges, on the underside of rocks and boards, and
on wharf pilings among barnacles and tunicates.

Wass (1965)

listed it as an abundant polychaete in eel grass, and on sponges,
oyster rocks, and detritus-covered bottoms.

He stated that it is

probably the most widely distributed polychaete in the Chesapeake
system.
Polydora ligni was by far the most abundant polychaete
throughout the year on test panels at Pier 12.

The material

from which their tubes are constructed was an important component
in the accumulated weight of fouling on the panels.

Despite its

enormous numbers, P. ligni is probably of less importance in
fouling shipTs bottoms than Hydroides hexagona, since the tubes
are relatively easy to remove and would be swept from the bottom
of moving ships.

This, spionid is probably the most abundant

polychaete in Chesapeake Bay (Wass, 1965).
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Mollusca
Andrews (1953) reported that 15 species of mollusks contribute
to fouling in Chesapeake Bay.

In Hampton Roads, only three species

were important on test panels, Anadara transversa, Mytilus edulis,
and Anomia simplex.

Crassostrea virginica, a commercially

important mollusk and an obvious fouler of pilings in the area,
was of minor importance on the panels.

Mollusks taken during

this study are listed in Table 7.
Anadara transversa appeared on test panels from mid-June to
early October, 1965, but was never present in large numbers.

It

was collected regularly by dredging at several stations, notably
Station 2.
Mytilus edulis populations are limited in distribution
throughout the bay presumably by salinity and temperature, although
other, factors may be involved.

In Hampton Roads, Mytilus popula

tions usually die during summer, and larval set on test panels was
markedly reduced from the spring and autumn sets.

A large

population of Mytilus was dredged at Station 6 on 21 July 1965 by
the C. W. HOPKINS, but few individuals *were alive.

In contrast,

the pilings of the Chesapeake Bay Bridge-Tunnel on 23 September
1965 were heavily fouled with live and apparently healthy M. edulis.
Though numerically reduced in summer and winter, Mytilus larvae
are present in Hampton Roads throughout the year, and have been
found on test panels during every season.

The heaviest set in

1964 was recorded in autumn, when an average of 148 per panel
were recorded on the 15 October-15 November set.

The lowest set

occurred in winter, with only three specimens observed from
15 January to 1 April 1965.

TABLE 7
SPECIES OF MOLLUSCA COLLECTED IN HAMPTON ROADS
Species

Station

Collection Method

Nucula pfoxima
Yoldia limatula
Anadara transversa
Anadara ovalis
Brachidontes recurvus
Mytilus edulis
Anomia simplex
Crassostrea virginica
Laevicardium mortoni
Mercenaria mercenaria
Tellina agilis
Macoma tenta
Tagelus divisus
Ensis directus
Mulinia lateralis
Lyonsia hyalina
Bittium sp.
Crepidula fornicata
Polinices duplicatus
Eupleura caudata
Urosalpinx cinerea
Anachis avara
Mitrella lunata
Busycon canaliculatum
Nassarius vibex
Mangelia sp.
Haminoea solitaria
Retusa canaliculata
Corambella depressa
Unident, nudibranchs

2
7
1-3,5,6
2 j6
1 .
1,6
1-7
1,5,7
2
2,5,6
2
2,5
2
2
1,2
2,5
2
1-3,5
3
2,3,5
1,2,4,5
1-5
2
1,6
1-7
2
2
1,2
-

dredge
dredge
test panel, dredge
dredge
test panel
test panel, dredge
test panel, dredge
test panel, dredge
dredge
dredge
dredge dredge
dredge
dredge
dredge
dredge
dredge
test panel, dredge
dredge
dredge
dredge
dredge
dredge
dredge
dredge
dredge
dredge
dredge
dredge
. test panel, dredge

ma

28

29
Anomia simplex is an important fouling organism since it
attaches to most firm substrates and grows rapidly.

Andrews (1953)

noted that it reaches maximum size in two to four months.

He

stated that the life cycle is a short one, attachment occurring
in summer and most individuals dying during the winter.

Anomia

appeared on test panels from mid-June until early November, 1965.
This corresponds closely with Maloney (1958), who found A. simplex
on test panels from mid-July to mid-November at a station near
Thimble Shoal.
Arthropoda
Barnacles -are the most important arthropods in fouling
submerged surfaces.

Only two species, Balanus eburneus and B.

improvisus, were observed during the present study.

Balanus

improvisus was by far the most frequently encountered, since
sampling was conducted considerably below MLW.
Only the two most important amphipods observed from test
panels were identified. • Otherwise this order received no
attention because of problems in field identification, inadequacy
of sampling methods, and the complications of classification.
The more important species of arthropods are presented in
Table 8.
Balanus eburneus occurred on the test panels periodically,
but never in any abundance.

Zullo (1963) stated that it is

seldom found subtidally, but is common in lower intertidal regions
of protected bays and inlets, particularly in waters of reduced
salinity.

Andrews (1953) noted that B. eburneus fouls pilings

TABLE 8
SPECIES OF ARTHROPODA COLLECTED IN HAMPTON ROADS.
Species

Station

Pycnogonida
Anoplodactylus parvus
Callipallene brevirostris
Tanystylum orbiculare

Collection Method

1
1,3
1

test panel
test panel, dredge
test panel

Cirripedia
Balanus eburneus
Balanus improvisus

1
1-5,7

test panel
test panel, dredge

Isopoda
Cyathura burbancki

2

Amphipoda
Ericthonius brasiliensis
Elasmopus pocillimanus
Caprellidae

.5
1
1-5,7

Decapoda
Palaemonetes pugio
Crangon septemspinosa
Upogebia affinis
Euceramus praelongus
Pagurus longicarpus
Callinectes sapidus
Xanthidae
Libinia dubia

2,7
1-5,7
2
2
1-5,7
1.2.4-6
1-6
1.3.5-7

Stomatopoda
Squilla empusa

1

30

dredge
test panel
test panel
test panel, dredge
dredge
dredge
dredge
dredge
dredgec
dredge
dredge
dredge
dredge
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extensively in the intertidal zone, but is of minor importance
in oyster fouling.
Balanus improvisus occurred on test panels at Pier 12
throughout the year, with marked fluctuations in numbers from
month to month.
autumn.

Two peaks occurred, one in spring and one in

The autumn set covered a longer time interval.

(1958) obtained similar results near Thimble Shoal.

Maloney

He reported

set from mid-April until mid-November, with peaks from mid-May to
mid-June, and mid-September to mid-October.

Andrews (1953)

reported that B. improvisus is'responsible for nearly all oyster
cultch fouling by barnacles.

He stated that it is most abundant

in waters below approximately 15%* because of a reduction in
competitors and predators.

B. improvisus has a world-wide

distribution in temperate and tropical waters (Zullo, 1963).

It

is usually found in brackish water (Southward and Crisp, 1963).
Tunicata
Species of ascidians along the eastern United States are
few in number but an abundance of individuals frequently occurs
(Van Name, 1945).

The number of species may be further reduced

in Chesapeake Bay because most ascidians are unable to tolerate
reduced salinities.

Three species were definitely identified,

and another tentatively identified during the present survey
(Table 9).

The organism listed as Symplegma viride has not been

checked by a specialist and is subject to question.
Perophora viridis is a common epifaunal organism during
summer and autumn in Hampton Roads, but was never collected on
test panels.

Maloney (1958) reported a colonial tunicate which

TABLE 9
SPECIES OF TUNICATA COLLECTED IN HAMPTON ROADS.
Species

Station

Collection Method

Perophora viridis

2,3

Botryllus schlosseri

1-6

test panel, dredge

Symplegma viride (?)

1,4 -

test panel, dredge

Molgula manhattensis

1-6

test panel, dredge
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dredge
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he believed to be this species, but definite identification was
not made.

Andrews (1953) noted that P. viridis becomes fairly

common subtidally on pilings in late summer, but is never abundant
on oyster cultch.

Van Name (1945) reported the range of the

species from Cape Cod to the West Indies, and suggested that it
may not be distinct from either P. listerl of Britain or P.
banyulensis of the Mediterranean.
Botryllus schlosseri is known from Portland, Maine, and
the western coast of Florida, but is rather discontinuous in
distribution between these two locations (Van Name, 1945).

Van

Name noted that it is locally abundant from Massachusetts to New
Jersey, but the only possible record of it at Beaufort was a
report of Botryllus sp. by Pearse, Humm, and Wharton (1942).

It

was not listed by McDougall (1943) from Beaufort nor by Andrews
(1953) for Chesapeake Bay.

Subsequently, it was reported by

Andrews to be rare on oyster beds in the lower bay, and by Wass
on Zostera near the VIMS pier (Wass, 1965).

According to Van

Name (1945), B. schlosseri was probably introduced from Europe
on the bottom of ships.

The taxonomy of this ascidian has been

complicated by the great variability in color from colony to
colony.

Van Name stated that color is not to be relied on at

all for distinguishing species in the Botryllidae, and noted for
B. schlosseri that "probably no other ascidian has been described
under so many specific names or has been divided into so many
varieties or subspecies as the present one".
Occasionally, specimens fitting the description of
Symplegma viride were taken on test panels at Pier 12.

These

specimens were distinct from Botryllus in that the reddishcolored zooids were rather randomly scattered in the test, not
grouped in systems with a common atrial aperture.
Molgula manhattensis is by far the most abundant ascidian
in Hampton Roads.

Van Name (1945) reported that it is the

commonest ascidian from Massachusetts to Chesapeake Bay, or
beyond.

He noted that it is a shallow-water species only, but

will tolerate highly polluted water and reduced salinities.
Though it occurred from May to December on test panels at Pier
12, it reached peak abundance during summer.

Larvae are evidently

most abundant in late June, since a mean of 470 very small
tunicates per panel was counted on the 16 June-1 July 1965 set.
SEASONAL FLUCTUATIONS AND LOCATIONAL DIFFERENCES
In temperate regions, encrusting organisms characteristicaTly
exhibit seasonal fluctuations in attachment.

Some of the salient

seasonal changes on panels at Pier 12 are summarized below.

Periods

of attachment for the major organisms are shown in Figs. 4, 5, 6.
January-March 1965
During this period, temperatures were under 10C and few
organisms were present.

Amphipods, including caprellids, and

Polydora ligni set in January, but only Balanus improvisus and
Mytilus edulis were present throughout the period.
April 1965
On 15 April, the water temperature reached 12C.

During the

month, the spring Mytilus edulis setting peak occurred.
increased in number and a light hydroid set was observed.

Barnacles
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on test

Fig. 5.

Abundance of Balanus improvisus per 155cm
panels per month at Pier 12.
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Seasonal occurrence of fouling organisms qualitatively
recorded on test panels at Pier 12.
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May 1965
By the end of May, the water temperature was 22C.

During

this month the heavy spring set of Balanus improvisus and
encrusting ectoprocts occurred.

The number of species was

markedly higher than for previous months.

Although B. improvisus

was the dominant species numerically, it showed signs of being
crowded by other organisms.

Encrusting ectoprocts covered many

small barnacles, and tunicates frequently covered both barnacles
and ectoprocts.
15 May-15 June 1964
During this period barnacles were abundant and tunicates were
moderate to heavy.

A moderate attachment of encrusting ectoprocts

occurred, with most colonies spread over the barnacle tests.
Mytilus edulis was scarce, hydroids were light, and Hydroides
hexagona was absent.

The test panels were completely covered by

Balanus, Molgula, and Botryllus.

Tunicates and barnacles were

co-dominant.
June 1965
The temperature rose from 22C on 1 June to 25C on 1 July
1965.

Balanus improvisus numbers were greatly reduced from

the May 1965 set.

Hydroides hexagona was becoming abundant, and

tunicates were dominant.

Again, the number of species increased

over the previous month.

Sabellaria vulgaris and Fabricia sabella

appeared for the first time and two hydroids, Pennaria tiarella
and Hydractinia echinata, were found only during this month.
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15 June-15 July 1964
Maximum numbers of Hydroides hexagona were found on this
set for 1964.

Barnacles were greatly reduced in number.

July 1965
During the month tunicates, primarily Molgula manhattensis,
and the serpulid Hydroides hexagona, were dominant.

The sponge

peak occurred from 1 July to 14 July when the temperature
climbed from 25C to 28C.
15 July-15 August 1964
The largest number of species for any 1964 set was found
during this time.

Molgula manhattensis was abundant, but

individuals were small in size and the total biomass was less than
for the previous set.

In 1964, sponges were found on the panels

only during this period.

Hydroides hexagona was decreasing in

abundance, while.hydroids were moderate.
August 1965
During August, temperatures slowly began to decline.
3 September, the temperature had fallen t-o 24C.

By

Hydroides

hexagona was still co-dominant with the tunicates, but numbers
of this polychaete were fewer than on the July set.

Most of

the worm tubes were large, suggesting that setting had occurred
most abundantly early in the month.
■ fy

15 August-15 September 1964
A heavy hydroid set occurred in late August and early
September of 1964 but not in 1965.

Barnacles increased in number,
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and a few Crassostrea virginica spat were identified.

The panels

were about 95% covered by a combination of tunicates, hydroids,
and barnacles.
September 1965
The temperature fell from 24C on 3 September to 22C on 1
October.

The diversity remained high during the month, but most

species declined in numbers except Balanus improvisus3 Molgula
.manhattensis, and Sabellaria vulgaris.

_S. vulgaris set in

greatest abundance during this period.
15 September-15 October 1964
Balanus improvisus3 Mytilus edulis3 and encrusting ectoprocts
increased in numbers during this period.

Although the number of

species was not greatly reduced, individuals in most species
decreased from the previous set.
October 196-5
The temperature dropped from 22C on 1 October to 12.8C on
3 November.

The peak of the autumn barnacle set and an increase

in numbers of Mytilus edulis corresponded with the temperature
drop.

Colonies of Tubularia crocea were observed on the test

panels for the first time.

Overall, the number of species was.

less than on the September set, and most species were reduced in
numbers of individuals.
15 October-16 'November 1964
During this exposure the autumnal peak of Balanus improvisus
and Mytilus edulis occurred, and the species diversity dropped

sharply.

Encrusting ectoprocts were observed for the last time

in 1964.
November 1965
The temperature fell from 12.8C on 3 November to 7.5C on
2 December.

The heavy Balanus improvisus set continued, although

the numbers were reduced somewhat from the previous month.
Mytilus edulis was moderate in numbers on the panels.

Molgula

manhattensis and encrusting ectoprocts were present for the last
time, while Gonothyraea loveni appeared for the first time.
16. November-16 December 1964
Only three species were found on this set, Balanus improvisus
Mytilus edulis , and Polydora ligni.

Barnacles were still numerous

but less so than on the previous set.
December 1965
Temperatures continued below IOC during December.

A marked

decrease in the number of species on the panels was observed,
with only.five species being represented (Balanus improvisus,
Mytilus edulis, Gonothyraea loveni, Polydora ligni, and Caprella
equilibra).
Seasonal changes occurring in the type and intensity of
fouling on test panels resulted in the change in dominance noted
in Fig. 7.

This is a consequence of environmentally influenced

reproductive periods of the organisms involved, and does not
represent the serai stages of true ecological succession.

The

change from month to month is most clearly related to temperature.
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Thorson (1946) stated that the most essential factor in starting
the reproductive season is temperature.
Test panel data suggest pronounced differences in the type
and intensity of fouling from station to station in Hampton Roads,
though results are incomplete because of problems in panel
recovery.

Comparisons can be made between Stations 1 and 2 for

the May 1965 set, and between Stations 1 and 5 for the second
•half of July 1965.

Plates at Stations 1 and 2 developed a

Balanus improvisus dominant community during May, but the communities
are qualitatively and quantitatively distinguishable.

In addition

to the differences listed in Table 10, panels at Station 1
approached 100% coverage, while those at Station 2 were about 50%
covered.

During the second half of July, panels at Station 1

developed a Hydroides hexagona dominant community, while panels at
Station 5 developed a Molgula manhattensis community (Table 10).
These inter-station.differences reveal the importance of location on
the type of fouling on a given substrate.
•Fluctuations occurred in the amount of accumulated dry
weight on the panels from month to month (Fig. 8).

A somewhat

irregular but logical series of peaks and depressions occurred
during summer and autumn.

The May peak is attributable to a heavy

Balanus improvisus set, plus the large size of adhering Molgula
manhattensis.

During June and July, M. manhattensis increased

greatly in numbers on the panels, but contributed less biomass
since the individuals were much smaller.

Together with a decline

in Balanus numbers, dry weight accumulation was considerably
reduced.

During August, a heavy set of Molgula again resulted in

TABLE 10

DIFFERENCES IN FOULING ON PANELS EXPOSED CONCURRENTLY
AT- DIFFERENT STATIONS.
MAY 1965
Organism
Balanus
Hydroides
Molgula
Sabellaria
1TMembraniporaTT

Station 1
2147

SECOND HALF OF JULY 196S

Station 2
1680 .

Station 1

Station 5

68

27

0

1

720

52

106

0

163

114

0

19

3

66

278

•108

7

16
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a peak.

A decrease in both Molgula biomass and the abundance of

most species resulted in a September decline, despite no reduction
in number of species on the panels.

The autumn peak during

October and November is attributable to the heavy Balanus set
which occurred during this period.

From December to April, the

dry weight accumulation was negligible.

DISCUSSION
Types of seasonal attachment have been classified in Woods
Hole Oceanographic Institution (1952) as follows:
Type I .

Continuous year around attachment and absence of a

definite seasonal fluctuation.

This occurs where seasonal

differences are so slight that reproductive cycles are not
influenced.
Type I I .

This type of attachment occurs in the tropics.

Continuous attachment, but increased frequency of one

period over another.

This occurs in subtropical areas, and

results from conditions which are more favorable at one season
than another, although all seasons are favorable for reproduction.
Type III.

Attachment^during a definite period of the year only.

This occurs in temperate regions, where the seasonal variations
of temperature are marked.

Reproduction is limited to that time

of year when temperature is compatible with spawning.
Type I V . Attachment during two separated periods of the year.
This type also occurs in temperate regions.

Spawning and

subsequent attachment occur most frequently during spring and
fall in this type.
The Woods Hole report emphasized that in different parts of
its range, a species may conform to a different type of seasonal
attachment.

Also, interpretation of seasonal fluctuations is

complicated by inherent rhythms in the reproductive processes of
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organisms.

Since these rhythms are influenced by environment,

unfavorable conditions may interrupt them.

Consequently,

encrustation may be influenced by some earlier condition affecting
the spawning period.
Six of the nine species for which adequate quantitative data
are available displayed Type III attachment (Figs. 4, 5).

The

other three, Balanus improvisus, encrusting ectoprocts, and Mytilus
edulis, showed Type IV attachment.

At Beaufort, McDougall (1943)

found 10 of the 12 species for which he had quantitative data
showed two periods of attachment (Type IV).

In regions adjacent

to the Indian Ocean, Kuriyan (1953) reported settlement to be
most intense during the two monsoon seasons, July to September
and October to December.

Fuller (1946) encountered Type III

attachment at Lamoine, Maine, where the temperature ranged from
about 4C in April to a high of 16C in early July.

Seasonal

patterns of attachment in the southern hemisphere are the reverse
of those in the northern hemisphere (Allen and Wood, 1950; Millard,
1952; Skerman, 1958, 1959).
A comparison of the 1964 and 1965 sets at Pier 12 reveals
distinct differences in population size for the two years,
although the species composition and community structure was
basically the same.

These year to year differences are well

known in marine populations, but the causes are poorly understood
(WHOI, 1952).
Temperature is one of the most obvious and important limiting
factors to the fouling community.

Nair (1962)* emphasized that

seasonal temperature changes influence the reproductive periods
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of encrusting organisms.

Orton (1929) concluded that most marine

invertebrates continue to reproduce as long as a certain temperature
level, physiologically constant for each species, is maintained.
As a result, reproductive periods are more likely to be prolonged
in southern than in northern latitudes.

In Norway, Nair found

the period of intense spawning to occur between April and October
when the temperature was 4.8C or higher.

In the present study,

animals wereo scarce on test panels from January to mid-April,
while the temperature was below IOC.
Salinity has been emphasized '(Gunter, Christmas, and Killebrew,
1964) as important in seasonal faunal changes.

Gunter et al. found

that as the isohalines moved in and out with wet and dry seasons,
the fauna was influenced.
There has been some discussion and experimentation on thew
influence of currents on settlement of encrusting organisms since
it was discovered that most ship fouling occurred while the vessels
were in port.

This is partly due to the proximity of the hulls

to concentrations of spawning populations.

Also, the velocity of

water past the hull of a moving ship may exceed the maximum rate
at which the larva can attach.

Smith (1946) found this to be true

for barnacle larvae, but stated that once attachment had occurred,
increasingly higher velocities could be tolerated, although growth
rates were considerably reduced for the first two or three weeks.
He stated that rarely under natural conditions do water currents
alone prevent barnacle colonization of a surface, but that strong
wave action may be an important factor.

Dooch'in and Smith (1951)

reported that attachment of Balanus amphitrite was prevented by
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currents of two knots or more, B . improvisus was inhibited at
i.8 knots, Chthamalus fragilis at one knot, and Schizoporella and
Crassostrea at 1.4 knots.

They revealed that currents play a

role in barnacle attachment since the cyprids have a poor hold
.on the substrate until antennal cement is secreted to effect
preliminary attachment.

WHOI (1952) reported that exposed head

lands subjected to swift currents and strong wave action usually
support rich populations.

Evidently, once organisms attach,

perhaps at slack tide, the currents become beneficial in trans
portation of food to the sessile fauna.

Moore (1935) found that

barnacle larvae orientate along the current when newly settled,
but later orientate across it, apparently to facilitate feeding.
Gentle water movement was reported by Knight-Jones and Crisp
(1953) to encourage setting.
Usually, the first organisms to settle on a test panel are
micro-organisms, the bacteria, diatoms, protozoans, rotifers,
and algal spores.

A slime film is produced by the bacteria and

diatoms in about 24 hours (Daniel, 1955).

This film is believed

by most workers to be necessary for the attachment of some forms,
and facilitates attachment of others.

ZoBell (1939) suggested

that the bacterial film may facilitate attachment by (1) mechanically
aiding larval settlement, (2) serving as food, (3) discoloring
bright or glazed surfaces, (4) increasing the alkalinity of the
film surface interface, thereby favoring deposition of calcareous
cements, (5) influencing the emf potential of the surface,
(6) decomposing organic matter thereby increasing the concentration
of plant nutrients.

Most research has substantiated the importance of light on
settlement of most encrusting organisms, and disproven the idea
of Whitney (1941) and Schallek (1943) who argued that no phototaxis could occur because light diffusion under normal aquatic
conditions would make the intensity equal in all directions (WHOI,
1952).

Thorson (1964) noted that the majority of benthic organisms

produce pelagic larvae, and stressed the importance of light in
their dispersal and settlement.

In experiments with colored plates,

Nair (1962) found that large numbers of fouling organisms encrusted
plates with deep colors, particularly red and black, while white,
aluminum, blue, green, and light gray had fewer organisms.

At St.

Andrews, New Brunswick, Medcof (1949) found three times as many
encrusting organisms on shaded oyster shells as on exposed shells.
Conversely, algae were more abundant on exposed oysters.

Visscher

and Luce (19.28) reported that barnacle larvae showed positive
phototaxis, primarily to light in the green range of the spectrum
(530-545np).

Later, barnacle larvae display negative phototaxis

(McDougall, 1943).

Pomerat and Reiner (1942) found Balanus

eburneus attached to black, clear, and opal glass in equal
numbers when exposed only at night.

On day-night immersions,

twice as many barnacles attached to black glass.

Apparently

cyprids could not distinguish one color from another at night,
and the black glass showed no greater encrustation.

Weiss. (1947)

found, using artificial light at night, that an illumination
intensity of 0.6 foot-candle and higher resulted in settlement
seven times greater on black panels than on control panels.
At 0.2 foot-candle and less, the settlement was twice as great.
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Even at 0.03 foot-candle, there was greater settlement than on
unlighted controls.

He suggested that this was possibly due to

some negative phototactic response, since artificial lighting
would brighten the water, particularly in turbid water as a
result of scattering, and the contrasting dark plate would attract
the cyprids.

In the absence of light, attachment depended solely

on chance encounter with the panel, and a lower number attached
on the blacky panel at night.
The importance of surface texture was noted by Visscher (1927),
who found that fouling occurs most' readily on rough surfaces.
Pomerat and Weiss (1946) concluded that smooth, hard, non-porous
and non-fibrous surfaces were poor fouling collectors.

Skerman

(1958) observed that rough surfaces favored Balanus settlement,
and Knight-Jones and Crisp (1953) added that the bases of old „
barnacles promoted attachment.

Knight-Jones and Crisp stated

that once a ship has been fouled, scrubbing usually leaves the
bases behind, and rapid re-colonization results.

If these bases

are covered by new paint, they no longer induce setting.

The

effect of the base, other than providing a rough substrate, is
apparently due to a quinone tanned protein, which is detected by
the crawling cyprid.
Weiss (1948) found that fouling was heavier in polluted
water than purer water.

This, according to Skerman (1958), is

another factor involved in the intensification of fouling in port.
Skerman believed that organic material In the form of sewage may
provide an important food supply for encrusting organisms.

Silt

and suspended detritus may be incorporated in the slime film and
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promote Balanus settlement.

Nair (1962) noted that turbid and

polluted waters were dominated by mud tube dwellers, but- he
found encrustation reached a maximum in relatively clean waters.
It appears from these reports that a certain amount of pollution,
with related dissolved and particulate organic and inorganic
material may favor heavy set, but too great a concentration may
be detrimental.

The type of pollutant would be of considerable

importance in this respect also.
Knight-Jones and Crisp (1953) asserted that the settling
behavior of the larval stages of marine encrusting organisms
probably greatly influences their distribution.

They found that

cyprids encountering a barnacle of the same species usually began
setting action, resulting in aggregations on test panels.

Knight-

Jones (1951) found gregariousness to occur for each of four species
tested, and predicted that this would prove to be true generally
for planktonic larvae at the time of attachment.
A number of other factors have been discussed which influence
encrusting organisms.

McDougall (1943) considered gravity as a

factor on settlement.

Using a ngravity box,,T he found that a

particular species sets in greatest abundance on a surface set
at a particular angle.

Balanus eburneus, Bugula neritina,

Hydroides hexagona, Phallusia hygomiana, and Perophora viridis
set most abundantly, on the under surface of a panel, while
Sabellaria vulgaris showed the reverse.
obtained similar results.

Pomerat and Reiner (1942)

Maturo (1959) stated that most

bryozoans set on a surface placed at angles of 0° and 45° with
the horizontal.
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Oxygen content in the water of Hampton Roads is probably
not a critical factor to the fouling community.

Waters of the

harbor are well mixed and anaerobic conditions do not occur. The
dissolved oxygen content measured at Pier 12 throughout the summer
of 1965 never reached a level considered as critical to most
invertebrates.
The factors involved in settlement of fouling organisms
were summarized by WHOI (1952) as follows:
The numbers of larvae coming into contact with an
exposed surface depend upon the geographic location,
the season of the year, the type of service for
which the installation is employed, and the texture,
orientation, and color of the surface.

SUMMARY
1.

Seven stations were occupied in a study of the marine

invertebrate fouling organisms of Hampton Roads, Virginia.
Dredging operations were directed towards qualitative sampling
to determine the distribution and relative abundance of the more
important epifauna of the harbor.

This was supplemented by

quantitative data from test panels at Pier 12, Norfolk, and
occasionally at other stations in the area to determine seasonal
changes in the type and intensity of. fouling.

Benthic organisms

which are most likely to be involved in fouling are Thuiaria
argentea, Alcyonidium verrilli, Microciona prolifera, Amathia
vidovici, and Aeverrillia armata.

The predominant sessile fauna

on test panels included Molgula manhattensis, Botryllus schlosseri,.
Balanus improvisus, Hydroides hexagona, Polydora ligni, and
Sabellaria vulgaris.
2.

There is some attachment throughout the year, but pronounced

seasonal fluctuations in types and abundance occurred on test
panels.

The greatest number of species occurred in summer,

fewest in winter.

Fouling was extremely light on panels from

January to April.

A regular annual dominance cycle occurred on

panels as a result of the seasonal change in attachment.
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3.

Fluctuations occurred in the dry weight accumulation on test

panels.

Peaks occurred in spring and autumn as a result of heavy

barnacle sets, and in August due to an increase in Molgula
manhattensis biomass.
4.

Preliminary data suggest that the intensity and type of

organisms vary from station to station in the harbor even on the
same substrate.
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APPENDIX
CHECKLIST OF THE MARINE INVERTEBRATES COLLECTED
IN HAMPTON ROADS, VIRGINIA

Phylum Porifera
Class Demspongiae
Cliom sp„
Mlcrociona prollfera (Ellis and Solander)
Lissodendoryx isodictyalis (Carter)
Halichondria bowerbanki Burton
Phylum Cnidaria
Class Hydrozoa
Claya leptostyla Agassiz
Bougainviliia rugosa Clarke
Calyptospadix cerulea Clarke
Eudendrium album Nutting
Hydractlnla echinata Fleming
Pennaria tiarelia (Ayres)
Tubularla crocea (Agassiz)
Campanularia gelatinosa (Pallas)
Ciyuia sp•
Gonothyraea loveni (Allman)
Obelia bleu,sp Idata Clarke
Obella commis sura.ll s MeCrady
Opercularella pumila Clark
Sertularia corniclna (MeCrady)
Thuiaria argentea (Linnaeus)
Sehlzotrlcha tenella (Verrlll)
Class Anthozoa
Leptogorgia virgulata (Lamarck)
Diadumene leucolena (Verrill)
A,ipta siomorpha luciae (Verrill)
Cerlantheopsis americanus (Verrill)
Phylum Ectoprocta
Alcyonidium verrilli Osburn
Victore11a pavida Kent
Amathla vidovici (Keller)
Amathia convoluta Lamouroux
Aeverrllila armata (Verrill)
Membranipora tenuis Desor
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Elect pa crustulenta (Pallas)
Schizoporella unicornis (Johnston)
Phylum Annelida
Class Polychaeta
Arabella iricolor (Montagu)
Glyeera dlbranchiata Ehlers
Nephtys incisa (Malmgren)
Nereis succinea (Frey and Leuckart)
Diopatra•cuprea (Bose)
Pectinaria gouldli (Verrill)
Lepidonotus sublevis Verrill
Sabellaria vulgaris Verrill
Fabricia sabella (Ehrenberg)
Hydroides hexagona (Bose)
Polydora ligni Webster
Phylum Mollusca
Class Pelecypoda
Nucula proxima Say
Yoldia limatula (Say)
Anadara transversa- (Say)’
Anadara ovalis (Bruguiere)
Brachldonte s recurvus (Rafinesque)
Mytllus edulis Linnaeus
Anemia simplex Orbigny
Crassostrea virginica (Gmelin)
La eve cardium mortoni (Conrad)
Mercenaria mercenarla (Linnaeus)
Tellina agllls Stimpson
Macoma tenta Say
Tagelus divisus (Spengler)
Ensls directus Conrad
huxmia lateralis (Say)
Lyonsia hyalina Conrad
Class Gastropoda
Bittlum sp*
Crepldula fornlcata (Linnaeus)
Polinices dupllcatus Say
Eu.pj._eura caudara (Say)
tirosalpinx cinerea (Say)
anacms avara (Say)
Mitrella lunata (Say)
Busycon canallculaturn (Linnaeus)
Nassarius vibex (Say)
Mancrelia sp 0
Haminoea solitarla (Say)
xscusa canauicu-ata ^Say)
Corambeuia depressa Balch
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Phylum Arthropoda
Class Pycnogonida
Anoplodac tylu s parvus Giltay
Callipallene brevlrostrls (Johnston)
Tanvstvlum orbiculare Wilson
......

.

i

... .......... .................. ..

Class Crustacea
Balanus ehurneus Gould
Balanus improvisus Darwin
Cyathura Durbanchi Frankenberg
Erlcthonius brasiliensis Dana
Elasmopus pocillimanus (Bate)
Palaemonetes pugio Hoithuis
Crangon septemspinosa (Say)
Upogebia affinis (Say)
Euceramus praelongus Stimpson
Pagurus longicarpus Say
Callinectes sapidus Rathbun
Libinia dubia Milne-Edwards 1
Squllla empusa Say
Phylum Echinodermata
Class Hoiothuroidea
Cucumaria pulcherrima (Ayres)
Thyone brlareus (LeSueur)
Class Ophiuroidea
Amphiodla atra Stimpson
Phylum Chordata
Class Ascidiacea
Perop-hora vlridis Verrill
Botryllus schlosseri (Pallas)
Symplegma vlrlde (?) Herdman
Molgula manhattensis (DeKay)
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